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(g) Material handling machine. 

(§7) The machine has a chassis comprising a rigid 
longitudinal frame whose width is less than 25% 
of the overall width of the machine, excluding 
the wheels 13,14. A boom 21 or a loading bucket 
is pivotally mounted on the chassis. Digging 
equipment 29 is mounted at the rear of the 
chassis. A drive arrangement 7 comprises a 
mechanically driven transmission (37,39,41) 
kinematically connected to an engine 34. Shafts 
43,44 kinematically connect a power output 42 
mid-way along the drive arrangement 7 to final 
drive units 18,19 on the front and rear axles. The 
drive arrangement is mounted at one side of the 
longitudinal frame 1 between the axles, and an 
operator's cab 8 is mounted at the other side or 
above the longitudinal frame. The cab 8 is 
movable between a forward position (Fig. 1) and 
a raised rear position (Fig. 2). 
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This invention relates to machines for handling 
materials, in particular machines which can be used 
for loading or digging. 

Material handling machines for use on construc- 
tion sites usually have crawler tracks or large- 
diameter wheels and are usually designed to carry 
out a given task such as digging, loading, or pallet-lift- 
ing. If a machine is designed to carry out two tasks, 
one of these will be the primary task, and the second- 
ary task will be carried out less efficiently, because 
of physical design constraints. 

In material handling machines in which both the 
front and rear wheels are driven, an engine mounted 
at an arbitrary position on the chassis usually drives 
a hydraulic pump which supplies a hydraulic circuit 
feeding hydraulic motors associated with the wheels. 
Such a hydraulic transmission is very inefficient com- 
pared with a mechanical transmission. 

One known machine which is in use has a rear- 
mounted backhoe, a front-mounted engine, and a 
front-mounted linkage carrying a loader bucket. This 
has the disadvantages of poor loader visibility (the 
operator's line of sight is obstructed by the bonnet of 
the engine) and poor manoeuvrability (the linkage ob- 
structs the turning of the front wheels). A similar 
known machine improves manoeuvrability by using 
smaller front wheels, but this compromises stability 
and load capacity. 

Another known machine has a rear-mounted en- 
gine and a front-mounted linkage carrying a loader 
bucker, pallet forks, or a telescopic arm. Forward vis- 
ibility is good, but a backhoe has to be omitted be- 
cause of the rear-mounted engine. 

Another known machine also has a rear-mounted 
engine. A telescopic boom extends forwards from a 
rear pivotal mounting, along the centre-line of the ma- 
chine, the operator's cab being mounted at one side. 
The extremity of the boom carries a loader bucket or 
pallet forks. Again, forward visibility is good but a 
backhoe cannot be fitted at the rear. 

It would therefore be desirable to be able to pro- 
vide a material handline machine which could carry 
out lifting, loading, and digging operation. The main 
problem to be overcome is to locate the essential 
components (engine, transmission, cab, and loader 
linkage or boom) in the optimum position, from the 
mechanical and functional point of view, whilst main- 
taining good visibility for all functions, stability, ma- 
noeuvrability, structural integrity, and ease of servic- 
ing. 

The present invention provides a material han- 
dling machine having a chassis comprising a rigid 
longitudinal frame, a front axle and a rear axle mount- 
ed on the chassis, wheels mounted on the axles, a 
drive arrangement comprising an engine and a mech- 
anically driven transmission kinematically connected 
to the engine, and shafts kinematically connecting a 
power output of the drive arrangement to final drive 



units on the respective front and rear axles, for driving 
the wheels, the drive arrangement being mounted at 
one side of the longitudinal frame. 

In one aspect the invention provides a material 

5 handling machine comprising: (a) a chassis compris- 
ing a rigid longitudinal frame; b) an operator's cab 
mounted on the chassis; (c) material handling means 
pivotally mounted on the chassis; (d) a front axle and 
a rear axle mounted on the chassis; (e) wheels 

10 mounted on the axles; (f) a drive arrangement mount- 
ed on the chassis, at one side of the longitudinal 
frame, between the front and rear axles, the drive ar- 
rangement comprising an engine and a mechanically 
driven transmission kinematically connected to the 

15 engine and having a power output substantially mid- 
way along the drive arrangement; (g) final drive units 
on the respective front and rear axles, for driving the 
wheels; and (h) shafts kinematically connecting the 
power output to the final drive units. 

20 It is possible to provide good forward and rear- 

ward visibility from the cab. The side-mounted engine 
and transmission can be made readily accessible for 
servicing. The drive arrangement can be mounted on 
a transverse chassis frame mounted on the longitudt- 

25 nal frame without compromising the structural integ- 
rity of the longitudinal frame. It is possible to provide 
good manoeuvrability of the wheels unrestricted by 
the drive arrangement. The front and rear wheels can 
be of substantially equal size, giving good stability 

30 and load capacity. Stability is also enhanced by a long 
wheel-base. Adequate height and reach for a wide 
range of lifting and loading operations can be provid- 
ed by a boom, which may have one, two, three, or 
more sections. 

35 In a second aspect the invention provides a ma- 

terial handling machine having a chassis for mounting 
means for carrying out operations in front of and to 
the rear of the machine, and an operator's cab mount- 
ed on the chassis, the cab being mounted for move- 

40 ment between a first position in which the region in 
front ofthe machine is more easily visible to the oper- 
ator and a second position in which the region to the 
rear of the machine is more easily visible. 

Preferably the first and second positions are for- 

45 ward and rearward positions. One of the positions is 
preferably higher than the other. One ofthe positions 
may conveniently be substantially mid-way along the 
chassis. 

Whilst it may be possible to arrange for the cab 
so to pivot about a vertical axis during movement be- 
tween the first and second positions, this may require 
extra width -wise space and it is preferable for the 
movement to be one of translation only. Preferably 
the cab contains first controls for operations in front 
55 of the machine and second controls for operations to 
the rear ofthe machine, the first and second controls 
being respectively at the front and rear of the cab in 
both of its said positions. Preferably the cab contains 
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an operator's seat which is rotatable through at least 
180° about a vertical axis. 

In a third aspect the invention provides a material 
handling machine having a chassis comprising a rigid 
longitudinal frame, a front axle and a rear axle mount- 5 
ed on the chassis, wheels mounted on the axles, a 
drive arrangement comprising an engine and a mech- 
anically driven transmission kinematically connected 
to the engine, the drive arrangement having a power 
output, final drive units on the respective front and 10 
rear axles, for driving the wheels, and shafts kinemat- 
ically connecting the power output to the final drive 
units, the drive arrangement being mounted at one 
side of the longitudinal frame, between the front and 
rear axles, the power output being substantially mid- 15 
way along the drive arrangement and being offset 
from the longitudinal centre-line of the drive arrange- 
ment towards the longitudinal centre-line of the ma- 
chine. 

The power output can be arranged to be directly 20 
below the longitudinal frame and substantially mid- 
way between the front and rear axles. Both of these 
features optimise the arrangement of the shafts con- 
necting the power output to the final drive units. 

In a fourth aspect the invention provides a mate- 25 
rial handling machine having a chassis comprising a 
rigid longitudinal frame, a front axle and a rear axle 
mounted on the chassis, wheels mounted on the 
axles, an engine mounted at one side of the frame be- 
tween the front and rear axles, the longitudinal frame 30 
having a width which is less than 25% (preferably at 
most 22.5%, possibly as little as 20% or less) of the 
overall width of the machine excluding the wheels. 

The narrow longitudinal frame maximises the lat- 
eral space available for the engine. It also minimises 35 
the distance between the centre of gravity of the en- 
gine and the centre-line of the machine. 

The longitudinal frame preferably has a height 
which increases progressively from a front portion to 
a rear portion of the frame. 40 

This enhances forward visibility and provides en- 
hanced strength at the rear, e.g. for supporting a piv- 
otal mounting for a boom and means for mounting dig- 
ging equipment such as a backhoe. Preferably the 
height increases at a substantially constant rate from 45 
the front to an intermediate portion and at a higher 
rate from the intermediate portion to the rear of the 
frame. 

The front axle and a rear axle may each be mount- 
ed on the chassis for oscillating motion about an axis 50 
parallel to the longitudinal centre-line of the machine, 
first means being provided for controlling the oscillat- 
ing motion of the front axle, second means for control- 
ling the oscillating motion of the rear axle, and actuat- 
ing means for selectively operating the said first and 55 
second means independently of each other. 

Preferably, the actuating means has a first mode 
of operation in which the front axle is free to oscillate 



through a limited range and the rear axle is prevented 
from oscillating, for the purpose of working with the 
digging equipment, and a second mode of operation 
in which the oscillating motion of the front axle is con- 
tinuously controlled to level the chassis and the rear 
axle is free to oscillate through a limited range, for the 
purpose of working with the material handling means. 
In the second mode, it is preferable for the actuating 
means to prevent the rear axle from oscillating when 
the material handling means reaches a given eleva- 
tion. 

The invention will be described further, by way of 
example only, with reference to the accompanying 
drawings, which are diagrammatic and in which: 
Figure 1 is an elevation of a material handling ma- 
chine, seen from the right-hand side, showing a 
cab in a first position; 

Figure 2 is an elevation of the machine, seen from 
the left-hand side, showing the cab in a second 
position (full line) as well as the first position (in 
phantom); 

Figure 3 is a schematic plan view showing the lay- 
out of the engine/transmission arrangement in re- 
lation to the chassis and front and rear axles of 
the machine; 

Figure 4 is a schematic plan view showing the 
mounting of the cab in relation to the chassis; 
Figure 5 is a schematic front view, with the cab 
in the first position; 

Figure 6 is a schematic rear view, with the cab in 
the second position; 

Figure 7 is a graph showing the reach and height, 
both in metres, of the operating range of pallet 
lifting forks on a telescopic boom on the machine; 
Figure 8 is a graph showing the reach, height, and 
depth, all in metres, of the operating range of the 
shovel of a backhoe on the machine; 
Figures 9 to 13 correspond respectively to Fig- 
ures 1 to 3, 5, and 7 and show a modrf ied embodi- 
ment of the machine; 

Figure 14 is an elevation of another material han- 
dling machine, with a loader bucket and a back- 
hoe; and 

Figure 15 is a schematic plan view of the machine 

of Figure 14, omitting the backhoe. 

The machine illustrated in Figures 1 to 8 can be 
used as a telescopic material handler (for pallet lift- 
ing), a loader (for loading), and a backhoe (for dig- 
ging). It has a chassis comprising a rigid longitudinal 
frame 1 extending along the whole of the length of the 
body of the machine. The frame 1 is of substantially 
constant width and its centre-line is in the same vert- 
ical plane 2 as the centre-line of the machine. When 
viewed from the side, the frame 1 is wedge-shaped : 
its height increases, at a constant gradient, from the 
front to an intermediate point 3, from where the rear 
portion 4 of the frame rises more steeply. A rigid trans- 
verse frame 6, extending across the whole width of 
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the machine body, is mounted underneath the long- 
itudinal frame 1 and supports a drive (engine/trans- 
mission) arrangement 7 on one side and an opera- 
tor's cab 8 on the other side. The width of the longi- 
tudinal frame 1 is 22.5% of the overall transverse 
width of the transverse frame 6. 

Front and rear axles 11,12 are mounted on the 
frame 1 for oscillating motion through a range limited 
to ± 10° about an axis parallel to the centre-line of the 
frame 1 and lying in the 13,14 of equal size, steered 
by means of hydraulic piston-and-cylinder devices 
1 6,17. The extreme positions of the wheels 13,14 are 
indicated in chain-dotted line in Figures 1 to 6. The 
front and rear wheels 13,14 are drivable via final drive 
units 18,19. 

A telescopic boom 21, having three sections, is 
pivotally mounted on brackets 22 fixed to the rear por- 
tion 4 of the chassis frame 1 . The extremity 23 of the 
boom 21 is fitted with pallet lifting forks 24 (Figure 7) 
or a loader bucket 26 (Figure 8) or some other han- 
dling device. Figure 7 shows the operating range of 
the boom 21 . It is to be noted thatthe telescopic boom 
21 will normally be retracted before it is moved from 
a low elevation to a high elevation. The centre-line of 
the boom 21 lies in the vertical plane 2 and it is piv- 
otable by means of a hydraulic piston-and-cylinder 
device (not shown), connected between the chassis 
frame 1 and the first section of the boom. At its high- 
est elevation the extremity 23 of the retracted boom 
is between the front and rear axles 11,12. 

The rear of the chassis frame 1 carries a pair of 
telescopic stabilisers 27 and a frame 28 for mounting 
a conventional backhoe 29 which is pivotable about a 
vertical axis 31 between a working position (Figures 
1 , 2, and 8) and a stowed position (Figure 8). The axis 
31 is offset from the plane 2 in the opposite direction 
to the cab 8, to allow space for stowage of the back- 
hoe 29 and to enhance visibility from the cab 8 when 
working with the backhoe 29. However, the backhoe 
could, if required, be mounted at another position 
across the frame 28. Figure 8 shows the operating 
range of the shovel 32 of the backhoe 29, the stabil- 
isers 27 being in engagement with the ground. 

Selectable control of the oscillating motion of 
each of the front and rear axles 11 ,1 2 is provided, in 
order to take account of the different requirements 
during operation with the boom 21 and operation with 
the backhoe 29. The axles are linked to the chassis 
frame 1 by hydraulic piston-and-cylinder devices (not 
shown) serving as means for controlling the oscillat- 
ing motion of the respective axles. Automatic actuat- 
ing means (not shown), comprising detectors and 
valves, are provided to operate the piston-and-cylin- 
der devices selectively, depending on whether the 
boom or the backhoe is being used. 

If the operator is working with the backhoe 29, 
this is detected by the actuating means, which auto- 
matically operate the piston-and-cylinder devices so 



that, on the one hand, the front axle 11 is free to os- 
cillate throughout its range of ± 10° and, on the other 
hand, the rear axle 12 is locked in a position in which 
the chassis is transversely level (the stabilisers 27 
5 engaging the ground to assist in keeping the chassis 
level). 

If the operator is working with the boom 21, this 
is detected by the actuating means, which automati- 
cally operates the piston-and-cylinder devices so 
10 that, on the one hand, the oscillating motion of the 
front axle 11 relative to the chassis is continuously 
controlled (in response to the output of a transverse 
inclinometer on the chassis) to level the chassis 
transversely and, on the other hand, the rear axle 12 
15 is free to oscillate throughout its range of ± 10°. How- 
ever, when the boom 21 reaches a given elevation (as 
detected by an inclinometer mounted on the boom) at 
which a significant proportion of the load is applied to 
the rear axle 12, then the actuating means automat- 
20 ically locks the rear axle or controls its oscillation so 
as to tend to keep the chassis transversely horizontal. 

The side-mounted drive arrangement 7, which is 
covered by a bonnet 33 that does not obstruct the op- 
erator's view to the front and rear, comprises a long- 
25 itudinally arranged diesel engine 34 connected by 
means of a torque converter 36 to a gearbox 37. The 
median plane 38 of the engine and gearbox is tilted 
(as shown in Figures 5 and 6) at an angle of 10° to the 
vertical, so as to bring the gearbox output closer to 
30 the central plane 2. The gearbox output is connected 
by means of a Cardan shaft (axis 39) to a transfer box 
41 mid-way along the engine/transmission arrange- 
ment 7 and mid-way between the axles 11,12. The 
power take-off or output (axis 42) of the transfer box 
35 41 lies beneath the longitudinal frame 1 and close to 
the central plane 2. The power take-off is connected 
by means of respective Cardan shafts (axes 43,44) to 
the final drive units 18,19. 

The cab 8 is mounted on the chassis by means 
40 of a parallelogram mechanism, comprising two pairs 
of front arms 46 and a pair of rear arms 47, allowing 
the cab 8 to be moved (without rotation) from a first 
(lower, forward) position between the front and rear 
axles 11,12 (see Figures 1 , 4, and 5, full line, and Fig- 
45 ure 2, broken line) to a second (upper, rearward) pos- 
ition above the rear axle 12 (see Figures 2 and 6, full 
line). The cab 8 contains controls (including a steering 
wheel 48) at the front for operating with the boom 21 
and controls (not shown) at the rear for operating with 
so the backhoe 29. An operator's seat 49 is rotatable 
(turning circle 51 indicated in Figure 4) to allow the op- 
erator to face forwards or backwards. The position of 
an operator's eye is indicated at 52 in each of Figures 
2, 5, and 6, showing that the machine provides good 
55 visibility for all the operations it is designed to carry 
out. 

Various modifications may be made within the 
scope of the invention. For example, when using a 
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loader bucket (rather than pallet forks) a one or two- 
section boom will normally be sufficient The boom 
may be pivotally mounted at a position between the 
front and rear of the longitudinal frame 1, in which 
case the cab may be mounted centrally of the width s 
of the machine, above the rear part of the longitudinal 
frame 1. Digging equipment other than a backhoe 
may be mounted on the rear of the machine, or omit- 
ted. Three-mode selectable steering (four wheel, 
crab, or front wheel) may be provided. w 

A modified embodiment of the machine is shown 
in Figures 9 to 13. Similar parts are given the same 
reference numerals. The rear of the chassis frame 1 
has oblique brackets 61 for mounting the stabilisers 
27; the backhoe pivot axis lies on the centre-line of 15 
the frame 1 . At the front the frame 1 carries a pair of 
telescopic stabilisers 62. 

The embodiment shown in Figures 13 and ^dif- 
fers from those described above in that the boom is 
replaced by a loading bucket 71 pivotally mounted on 20 
the front ends of a pair of arms 72 whose rear ends 
are mounted for pivoting about an axis 73 on side 
plates 74 fixed to the longitudinal chassis frame 1. In 
this embodiment the cab 8 is f ixed on top of the frame 
1 , being centrally positioned with respect to the width 25 
of the machine, nearthe rear of the chassis. The load- 
er arms 72 are raised and lowered by a hydraulic pis- 
ton-and-cylinder device 76. The bucket 71 is connect- 
ed by a linkage 77 to one end of a piston-and-cylinder 
device 78 whose other end is pivoted to one of the 30 
side plates 74, for controlling the bucket. Various pos- 
itions of the arms 72, linkage 77, and bucket 71 are 
shown in Figure 14. It will be appreciated that, in com- 
parison with conventinal loaders, this machine pro- 
vides the advantages of improved forward and rear- 35 
ward visibility and an improved linkage arrangement. 

Claims 

40 

1. A material handling machine comprising: 

(a) a chassis comprising a rigid longitudinal 
frame (1); 

(b) an operator's cab (8) mounted on the 
chassis; 45 

(c) material handling means (21) pivotally 
mounted on the chassis; 

(d) a front axle (11 ) and a rear axle (12) mount- 
ed on the chassis; 

(e) wheels (13,14) mounted on the axles so 
(11.12); 

(f) a drive arrangement (7) mounted on the 
chassis, at one side of the longitudinal frame 
(1), between the front and rear axles (11,12), 

the drive arrangement (7) comprising an en- 55 
gine (34) and a mechanically driven transmis- 
sion (37,41) kinematically connected to the 
engine and having a power output (42) sub- 



stantially mid-way along the drive arrange- 
ment (7); 

(g) final drive units (18,19) on the respective 
front and rear axles (11,12), for driving the 
wheels (13,14); and 

(h) shafts (43,44) kinematically connecting 
the power output (42) to the final drive units 
(18,19). 

2. A machine as claimed in claim 1 , including means 
(28) for mounting a backhoe or other digging 
equipment at the rear. 

3. Amachine as claimed in claim 1 or 2, in which the 
cab (8) is mounted for movement between a first 
position in which the region in front of the ma- 
chine is more easily visible to the operator and a 
second position in which the region to the rear of 
the machine is more easily visible. 

4. Amachine as claimed in claim 3, in which the first 
and second positions are forward and rearward 
positions. 

5. Amachine as claimed in claim 3 or 4, in which one 
of the positions is higher than the other. 

6. A machine as claimed in any of claims 3 to 5, in 
which one of the positions is mid-way along the 
machine. 

7. A machine as claimed in any of claims 3 to 6, in 
which the cab (8) contains first controls for oper- 
ations in front of the machine and second controls 
for operations to the rear of the machine, the first 
and second controls being respectively at the 
front and rear of the cab in both of its said posi- 
tions. 

8. Amachine as claimed in any preceding claim, in 
which the cab (8) is mounted at the opposite side 
of the longitudinal frame (1) with respect to the 
drive arrangement (7). 

9. A machine as claimed in any preceding claim, in 
which the power output (4) of the drive arrange- 
ment (7) is offset from, a longitudinal centre-line 
of the drive arrangement towards a longitudinal 
centre-line of the machine. 

10. A machine as claimed in claim 9, in which the 
power output (42) is directly below the longitudi- 
nal frame (1). 

11. Amachine as claimed in any preceding claim, in 
which the power output (42) is substantially mid- 
way between the front and rear axles (11,12). 
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12. A machine as claimed in any preceding claim, in 
which the width of the longitudinal frame (1) is 
less than 25% of the overall width of the ma- 
chine, excluding the wheels (13,14). 

5 

13. A machine as claimed in any preceding claim, in 
which the height of the longitudinal frame (1) in- 
creases progressively from a front portion to a 
rear portion of the frame. 

10 

14. A machine as claimed in claim 13, in which the 
height increases at a substantially constant rate 
from the front to an intermediate portion and at a 
higher rate from the intermediate portion to the 

rear of the frame (1). 15 

15. A machine as claimed in any preceding claim, in 
which thefront axle (11) and the rear axle (12) are 
each mounted on the chassis for oscillating mo- 
tion about an axis parallel to a longitudinal centre- 20 
line of the machine, further comprising first 
means for controlling the oscillating motion of the 
front axle (11), second means for controlling the 
oscillating motion of the rear axle (12), and ac- 
tuating means for selectively operating the said 25 
first and second means independently of each 
other. 

1 6. A machine as claimed in claim 1 5, in which the ac- 
tuating means has a first mode of operation in 30 
which the front axle (11) is free to oscillate 
through a limited range and the rear axle (12) is 
prevented from oscillating, for the purpose of 
working with digging equipment mounted at the 
rear, and a second mode of operation in which the 35 
oscillating motion of the front axle (11) is contin- 
uously controlled to level the chassis and the rear 

axle (12) is free to oscillate through a limited 
range, for the purpose of working with the mate- 
rial handling means (21). 40 

1 7. A machine as claimed in claim 1 6, in which the ac- 
tuating means prevent the rear axle (12) from os- 
cillating when the material handling means (21) 
reaches a given elevation. 45 

18. A machine as claimed in any preceding claim, in 
which the material handling means comprises a 
boom (21) extending forwards above the longitu- 
dinal frame (1) from a pivotal mounting (22) on the so 
chassis. 

19. A machine as claimed in any of claims 1 to 17, in 
which the material handling means comprises a 

pair of arms (72) having rear ends pivotally 55 
mounted on the chassis on respective sides of 
the longitudinal frame (1), and a loading bucket 
(71) carried by front ends of the arms (72). 
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20. A machine as claimed in claim 19, in which the 
cab (8) is centrally positioned with respect to the 
width of. the machine and is mounted near the 
rear of the chassis. 
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(54) Material handling machine. 

(57) The machine has a chassis comprising a rigid 
longitudinal frame whose width is less than 25% 
of the overall width of the machine, excluding 
the wheels (13,14). A boom (21) or a loading 
bucket is pivotally mounted on the chassis. 
Digging equipment (29) is mounted at the rear 
of the chassis. A drive arrangement (7) com- 
prises a mechanically driven transmission 
(37,39,41) kinematically connected to an engine 
(34). Shafts (43,44) kinematically connect a 
power output (42) mid-way along the drive ar- 
rangement (7) to final drive units (18,19) on the 
front and rear axles. The drive arrangement is 
mounted at one side of the longitudinal frame 
(1) between the axles, and an operator's cab (8) 
is mounted at the other side or above the 
longitudinal frame. The cab (8) is movable be- 
tween a forward position (Fig. 1) and a raised 
rear position (Fig. 2). 
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